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ABSTRACT
Soil erosion is a most devastating geological hazard and it is a severe problem in central Tanzania
especially in thesemi-arid regions, and the resaiht sediment yieldreates threats to sustainable
agriculture and ecosystenBut the execution of different mitigation initiatives and policies used
to adopt conservation practises in agricultural lands are unsuccessful or in effective due to the lack
of spatial information on soil erosion ared@is study attempts to analyze sodgon prone areas
and sedimenyield in the Kongwa district using GIS and remote sensing tqakniThe Revised
Universal SoilLoss Equation (RUSLE) was used to estimate rg@ksoil lossesand sediment
yield by utilizing rainfall, soil, Normalized Difference Vegetation Index(NDVI) and Digital
Elevation Model (DEM) datasets. The results obtained demonstrate high sabeq@®ne areas
in the southernpart of the Kongwa district, with the average annual soil loss equal to
66.24ton/hal/year and sediment yielflabout 13.58 ton/ha per year. Generally, soil erosion prone
areashave been idenified and sedimewield hase been generated to support decision making
processe regarthg development of soirosion control and adaptive measures for sustainable
environmeat conservation measures. Basedthe results obtained it is recommended that the
sensitivity anlysis of RUSLE model parametesbould be carried out.
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CHAPTER ONE

INTRODUCTION
1.1Background

Soil erosion habecome a major isste the world asté sstimatedy FAO that thee is aglobal

loss of productive land through erosioh5 to7 million hectares per yeéCollins, 2001) About

65% of the African continent's farm land is fafcted by erosioinduced losses of topsoil and soil
nutrients(FAO, 2018) Tanzania is also a victim of soil erosioniasherecent yearg has led to
anannual loss of 2.3 billion dollars reported due to ldedradationn the senzarid area (Kiruli,
2016) Soil erosion is defined as the net letegm processes that detach soil and move it from its
original location to anothgitupia, 2004) Sediment yield is a congeence of soil erosion as, it
occurs due tehe impact of raindrop and the shear force of flowing watbenthe sediment is
detached from soil surfa¢8anjay, 2015)Sediment yield is defined as the amount of sedimen
load passing through the outlet of a waterspaoharily by the flow of waterand increase

of down slopgMagsoom, et al., 2020)

Soil erosiorand sediment yielts a major cause of land degradatioanzanias it has lowered
agricultural production potentialoss of soil fertility also sedimentation disrupts drainage
networks andncreases the potential for floodity blocking the drainage outletsurky water
prevents natural vegetation from growing in evall these are the magonsequences of soil loss
and sedimentatiofBalasubramanian, 2018oil erosion, along with soil compaction, low organic
matter, loss of soil structure, poor internal drainage, and salinizaticsodratidity issues, are all

examples of soil degradatig@obena, 2003)

Sediment yield is a key limitation to achieving sustainable land use and maintaining water quality
in streams, lakes and other water boditegPavisorn, 2019)The eroded material derived from

the highlands, watershed and banksadten stored within depressions in the land but may be
transported during storm evengsther in suspension or as bed I¢athgsoom, et al., 2020The

amount of soil sediment delivered into water systems through the processes of transportation, and
deposition is a function of changes in surface drainage patterns, terrain structure, vegetation, and
climate conditions(Kamaludin, 2013) Suspended sediment is empirically one of the best

indicators of sediment delivery into the drainage system or watercourse from the land during the



soil erosion procesand thiscan be measured from point soudischarge and nepoint sources
(Gelagay, 2017)

Soil erosion can be accelerated by two major agencies which are water erosion, wind erosion
(Ann., 2005) Water erosiomontribuesa significant enount of soil loss each yeahich involves
severaltypes of erosiorwhich are Rill erosion, gully erosion, bank erosi@plash erosion,
landslides, and Streambank erosf@elkar, 2014) The rate and magnitude of soil erosgam be
determined by slope, soil texture and soil structure, soil organic matters, vegetation cover, and the
land use of the ardaupia., 2004) Butthroughthe application of different rehabilitation measures
such as the usef contour and crop rotation system, avoiding overgrazing, reduced tillage,
mulching, cover cropping, and cresi®pe farmingBalasubramanian, 2017)

To estimate soil erosion and sediment yield some simple models are wibalyfor their
simplicity, which makes them applicable even if only a limited amount of input data is
availableite (Gelagay, 2017)Although there aréraditional methodssuchasground surveys of
erosion buthe use bmathematical erosion models which predict the distribution of eroded land
and sedimentatioar through mapping then interpretation of remote sensing infeyasproven

to be more efficien{Ellis, 1996) In the past centurthey have established a variety of models
through experiments and observatioresulting in a change from empirical model to model based
on physical processes, combining remote sensing, GIS, and other madatific and technology
tools (Kenneth, 1991)Scholars in the United States have undertaken substantiatsstundl
developed numerous models, including the USLE mdeeISLE model, and PESERA model
(Zhen et al, 2020Hencefrom the studieshe effective way to determine the magnitude and the
distributionof eroded lands by use of mathematical model as RUSHrni, 1985; Claessens,
2008; Kaushik, 2020y his is becausef its low cost, applicabily, and consistency of results, it
has been modified to more suitably estimate the quantity of soil erosion from agriculture land as

in Kongwa districtPennock, 2019)

Soil erosion has had multiple repercussions, partiguter agricultural lands, and the first step in
mitigating soil erosion is to gather reliable information on places that are heavily affected by this
problem,which will helpto focus on those areas where they can avoid future soil deterioration
However,due to a lack okpatialinformation, the execution of many paés and mitigation
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initiatives used to adopt conservation practices incafyural lands is unsuccessf(Kimaro,

2015) This has resulted in the incompletene$several programs aimed at monitoring land
degradation in order to improve the assessment of the sustainable development goal (SDG) 15.3.1
indicator ("proportion of degraded land over total land ardddjvever , onlyfew studies have

been published tadalress this problem at@calscale, for examplstudy conducted b{Claessens,
2008where he focused on regional scale as East Africa and using USLE. iHodaver, this

study share the common disadvantage of applyiagJSLE model which islefault methodology

and low resolution datasedsnationalscaleto identify areas that are affected by soil eroJibis

study will concentrate on identifyirgyeasat a local scale that are prone to soil erosising high

resolution d&a and effectiverosionmodel.

1.2 Statement of the ResearciProblem

Land rehabilitation programs have proven to be one of the solutions to combat soil erosion, but
the implementation of different mitigation policies and programs, such as Community
Environmental Management and Development Organization (CEMDO) for soil erosion, has been
hindered. There is limited availability of reliable information on both the location and magnitude
of the soil erosionandsediment yieldMapping of environmental riskassoil erosionis a basic

step to mitgate this problerand krowing the magnitude can healpcreating sustainability of the

land resourcessome studies have been focused on regional seategsed different modelsut

there is a need toarrow dowrtheresearch to a local scale where most of the agricultural activities

take place

1.3 Objectives
1.3.1 Main Obijective.

To analyze soil erosieprone aeas and estimate sediment yigikdKongwa district, Dodoma

region

1.3.2 SpecificObjectives
The precis objectives for achieving the study's primary objective are as follows:

I.  To identify factors contributing to soil erosion.

ii.  To adapthe RUSLE model to map the prone arkassoil erosion.

3



iii.  To estimate sediment yield from the model result.

iv.  To validate thenodel results usingbservediata.

1.4 Research question

The research questions are:

i.  What are the causes of soil erosion?
ii.  Canthe RUSLE model be used in mapping of soil erosion and sediment yield?

iii. How accurate is the model results?

1.5 Significance of thestudy

The following are some of the research's significance:

The findings of this study will be of greater significance to society and researchers since they will
provide information on model parameters for mapping the location, magnitude of soil emdion
estimating sediment yield, particularly in areas with similar environmental conditions agrgkmi
regions where much of this research has not yet been undedd@better precautions measure

will be employed in areas that are more prone to sosien and sediement yield through this
studyobés findings

1.6 Beneficiariesof the study

The beneficiaries of this research include:

i.  Environmental institution
It will assist in providing credible information to environmental institutions on areas that
shoud be prioritized for environmental management due to their considerable impact on
land production.

i. Famers
The information obtained is useful to farmers since it allows them to identify locations that
are prone to soil erosion and avoid them for improvgdcaltural yield.as different
agricultural schemes can be well allocated to bring effectiveness in the production.

iii.  Construction
It will inform constructors about where to construct physical infrastructure such as roads,
power poles, and houses, as vaallhow to deal with area sitleing soil erosion. Hence

bringing effectiveness in the construction activities.



iv. Researchers

Researchers will benefit from this research information because they will have a reference
or basic knowledge on soil erosion as®tliment yield prone areas in seanid region If
they intend to conduct additional research on land degradation or enemtad

conservation challenges.

v. Policymakers
Because planners are the primary decisi@kers at the regional level, this study is
important because it will aid in the proper allocation of various environmental conservation

projects thawill help combat soil erosion.

1.7 Scope of the study

This research will look at the entire processuoélyang soil erosionprone areas and estitirgy
sedimentyield, where this will includedetermining the magnitude and location of the areas by
looking at a variety of environmental and climatic factors. It will be based on the RUSLE model,
which has been updated to better estimate the amountlaresion on farmlandraas as in
Kongwa district. As the result will help oheveloping appropriate measures to mitigate the effects

of soil erosion.

1.8 Description of study area

Kongwa district is located in the sefaniid section of Dodoma region, whichprone to drought.

With an area of around 4041Rpnits located between latitudes 5%® 6°0Sof the equatoand
longitudes 36°1k to 36°E East of the Greenwich Meridian. The district's administrative territory
includes 22 wards, 87 villages, 383 suimjrand two township authorities. The district is
characterized by both high plateaus and hills with steep slopes, as well as an escarpment running
eastwest. Kongwa town is the District Headquarters andbigut86 kilometers from Dodoma

town. Its altitue (height) is betweebh000 and2,000 meters above sea levEhe District borders

with Chamwino District in the western front; Kiteto District (Manyara Region) in the North; Kilosa
District (Morogoro Region) in the East and Mpwapwa District in the soutinem. Figurell

illustrates the location of the study area.
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Figure 1.1 Study area

1.9 Software utilized
The tools and software used for the study are outlined below;

1 Google earth engine
This online platform was used for dowaling the NDVI and Rainfall datasets from MODIS and
Terraclim data sources respectively

1 R Software
The R programming language through the R studio platform was used for preparation-and pre
processing of the data.

1 Arc Map
This was used for data processimlgich is execution of the model and preparation of the model
resultsand maps



1.10 Organization of thesis

Theresearcltonsists ofive Chaptes. The firstchapteicontains background information, research
problem, objective of the study, significance loé study, the study area and organization of the
researchChaptertwo presents atkrature review about researchese on soil erosiomodelling

and estimation of sediment yiel@hapterthree describes the methodology followed in order to
conduct thecurrent studyChapterfour presents the results and discussion about the findings.
Finally, Chapterfive describes the conclusioasad recommendation



CHAPER TWO

LITERATURE REVIEW

2.1.0verview
This chapter provides a review of literaturekated tosoil erosion,sediment yield, all parameters

of theRevised Universal Soil Loss Equation(RUSL&oil erosion model

2.2 Soil erosion

Despite decades of concerted scientific inquiry and societal concern, soil erosion remains a severe
hazard inmany parts of the world. The rapid expansion of the world's population hasaasulte
increased land cultivatioffFAO I. , 2015) This increases the strain on land and causes soil to lose
structure and cohesion, making it mprene to erosiofBalasubramanian., 201 8oil erosion is

defined as the lonterm net balance of all processes that detach and move soil away from its
original site(Lupia., 2004)Also can be reerred to thavearing away of a field's topsoil by natural
physical forces such as water and wind. It's a long process that goes unnoticed, or it can happen
quickly, causing significant topsoil loss. Soil erosion, whether caused by water, wind, or tillage,

comprises three separate actigng detachment, movement, and deposition.

2.3. Types of soil erosion:

2.3.1Natural or geological soil erosion:

This occurs when the top soils are gradually removed under normal conditions of physical, biotic
and hydrolgical equilibrium. Sometimes, it is also called geological erosion it take place steadily
but long time slowly which develops topographic feature like valley, plains, stream, channel
(Telkar., 2018) The normal erosion tends foduce wavy or undulating land surface with
alternating ridges and depressions. This is accomplished chiefly by means of slow migration of
soil particles from soil surface in successive rains. In arid region, wind during the long dry season

is an importahfactor for normal erosio(Dan, 2019)

2.3.2Accelerated soil erosion:
In accelerated soil erosion the loss of soil occur at a much faster rate than it is formed. It occurs
due to disturbance in natural equilibrium ofl 9y the activity of human and animal through land

mismanagement, destruction of forests, over grazing and unsuitable cultivation practices. When



the removal of soil does not keep harmony with the soil formation and it is much faster than the

latter, itis called accelerated soil erosigrelkar., 2018)

24 Agenciesor mechanism of soil erosion

24.1 Water erosion

Soil erosion caused by rainfall is the application of energy from two distinct sources namely, the
falling rain drops and the surface flof¥elkar., 2018) The energy of falling raindrop is applied
vertically from above whose main role is to detach soil particle, whereas that of surface flow is
applied more or less horizontally along theface of the ground which transport the §ain.,

2005)

There are different forms of water erosion
i. Sheet erosion

Sheet erosion is characterized by the downslope removal of soil particles within a thin sheet of
water, thé removes a thin uniform covering of top productive/surface soil from large areas,
often from field, during every rain which produces a-ofin(Telkar., 2018) Sheet erosion

occurs when the entire surface of a field is graguaibded in more or less uniform way.

Rill erosion

This is the kind of erosion which occurs when runoff starts and erosion is no longer uniform
as the raindrop impact does not directly detach any particles below flow line in rills but
increases the detaclemt and transportation capacity of the flow. Rills are small channels,

which can be removed by timely normal tillage operati@mn., 2005)
iii.  Gully erosion

It is more prominent type of erosion in which heavy rainfall, rapidiynimg water and
transporting water may result in deeper cavities called gy(flielar., 2018) Gullies cut the
large fields into small fragments and in course of time, it makes them unfit for cultivation.
Continuous flow of weer through gullies further deepens the grooves and mayeatdly result

in ravines.



iv. Stream-bank erosion.

This erosion takes place ¢the banks of swollen rivevghereit is most active. During the rainy

season when fast running water streams take tusoine other directions, they cut the soil

and make caves in the banks. As a result of this, quite often large masses of soils become
detached and washed away from the banks and are deposited at places in course of streams
(Telkar., 2018)

24.2 Wind erosion

Wind erosion is the detachment and transportation of soil particles by wind, this occurs when the
wind generates sufficient lift and drag to overcome the forces of gravity, friction and cohesion
(Balasubramanian., 201A)Vind erosion occurs when the land surface is left bare in regions that
are arid enough, as a result of low rainfall, to allow the soil to dry out, and flat enough to allow the

wind to carry the soil away over several consecutass(Ann., 2005)

2.5 Causes of soil erosion
Water and nature of relief is the main cause of soil erosion ajWadistrict but other factors

contributing soil erosion are summarized below considering both natural and hurnaaedind

causes

25.1 Natural causes
This are the mainausativeagent of erosion as the they can not be easily contradl@tustarted
below.

I.  Heavy rainsfrequent raindrops osoil particledeads wearing of the soil which is easily
transported away due the amount of water flowing downhill this causes the soil to be
carried away so fast.

ii. Steep slope: gravity pulls hardeence thewvater flow faster downhill, this is the major
cause of soil erosion at Kgwa district because of the nature of the rehejh plateaus
and hills with steeplspes, as well as escarpment.

ili.  Sudden climatic change: a@stenserainfall, erosion increases unexpectedly rapidly as
rainstorms become more sesedrought, water dries up the land hence increasing the

intensity of soilto be carried away.
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25.2 Human-induced factors

This are causes of erosion that induced by human activities, they are illustrated below.

i. Deforestationas from2001 to 2020, Kongwa lost 1.67kha of tree cover, equivalent to a
13% decrease in tra®ver since 2000GFW, 2022) This has been because of burning of
trees for charcoal and also bushfires hence accounting for soil erosion in Kongwa district.

ii.  Farming method: as these of plough, excessive use of fertilizer amigiation damages
the land in Kogwadistrict As due to presence of hill the poor farming methods makes
the land venerable to soil erosiamthere are few usage of proper faming methods to reduce
impact of erosion in steep slope farms

iii.  Overstocking: Tk overstocking over an area leads to remmivapper soil. Kongwa is
characterized with having | arge ranches of

leads to over grazing which causes the wearing away of top soil of theNB&d 2007)

2.6 Erosion process in the serparid region

In semiarid areas, soils with little or no vegetation cover are exposed to torrential precipitation
events, which are characterized by short durations and high intensities, and aretprdmpt
occurrence of physical and chemical processes that change the surface layer conditions, such as
surface sealing and crustifgasquezMendez, 2011)When the surface is dry, a hard layer is
formed (crust). Crusting soitge typical of these dry areas, where soil degradatiodiged soils

by diminishing infiltration rates and increasing runoff and erosion (Ries, 2008)

Semiarid areas are considered fragile environments where vegetaienis scarce and where
soil erosion processes occur rapidly and severely aftdiallagvents fall in these aredsence
vegetation is very significant in the regulation of surface hydrological proc€gssguez
Mendez, 201).

2.7 Soil erosion control measures

Some of the following measures can be implemented to prevent soil erosion by reducing surface
runoff, reducing runoff speed and capacity, and enhancing soil absorbency to water. All this can
be done by encouragingrfaers to use contour ploughing and windbreaks, especially in the semi
arid region where there are frequent winds due to bare lands. Also cultivate land using a crop
rotation system and strip cropping, where you leave unploughed grass strips betweerdploughe
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lands. Avoiding overgrazing and conserving wetlands to make sure plants grow on sail rich in
humus(Lupia, 2004)

2.8 Ways of measuring soil erosion

Soil erosion cannot easily be measured over complex area like KongwatDisimig traditional
methods as ground surveys of erosion but by the use of mathematical erosion models which predict
the distribution of eroded land or through mapping then interpretation of remote sensing images
(Ellis, 1996) In the past century they have established a variety of models through experiments
and observationstesulting in a change from empirical model to model based on physical
processes, combining remote sensing, GIS, and other mediemtific and technologyools.
Scholars in the United States have undertaken substantial study and developed numeisus mod

2.8.1 Ground survey

Ground survey is done to visible soil erosion, where there is presence of rills and gullies within a
field, and their associated defiesThe direct assessment of erosion in the field involves recording
and measuring field evidence of the action of erosion such as rill and gully depth and extent,
exposure of plant/tree roots, exposure of befpaund portions of fence posts and otharcttires,

and the amount of sediment in dra{@an, 2019) This is donghroughvolumetric measureant

of rills, gullies and fans where thenaunts of wash and interrill erosion can also be estimated.
This approach allow/for the estimation of erosion rates at the field scale, rather than relying on
extrapoations from plotbased data as thesasurements are based on samplingtmailation of

rills and gullies(Boardman, 2020)

2.8.2 Integrating remote sensing and GIS

Through the use of GIS amdth high spatial data processing capabilitsedl erosion mapping
approaches become more robust and comprehensive. This inth@wasual interpretation of the
free highresolution remote sensing ages, detailed information on land wgih several other

factors which can help to determine soil erosion af@aske, 2020)

2.8.3 Mathematical models
This tends to describe the behavior of the soil under the rainfall siamjlabil deformation such
gullies and surface eroding rills are monitored by using different sources ¢Hdasam, 2020)

This helps taecognize the differential behavior of the various soil particles and provides greater
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insight into the movement of soil across both farmlands and other land. Example of recent most
used models are USLRUSLE, SWAT and PESERA Models.

2.9 Modelling of soil erosion

Models of soil erosion are widely used both to generalize specific field stfmiiebroader
application and to provide erosion estimates under different scenarios of controlling(2atars

2019) There are number of models developed in recent decades which are mostly divided into
empirical, coneptual and physical. kge example are the RUSLE, USLBNAT, and PESERA.

The different models have different strength and weakness but the most recent model is the RUSLE

model with many researches in the world done on soil erosion have used thighuodiel1985)

29.1RUSLE MODEL

This is an upgrade version of USLE model with higher accuracy on the determination of soil loss
over a large area and was developed to include additional data and p(aitrogsl985) RUSLE
modelis an empirical method, computerized algorithm most widely used around the world to
predict longterm rates of interill and rill erosion from field or farm size units subject to different
management practic§S&anasri, 2016)Due to its clarity and simplicity, the method has been
widely applied in several studies and provide estimates of mean annual soil erosion rate using six
factors by considerin@limate factorsSoil properties, apographyof an area, vegetatiotover

and human impacts/conservation pract{@@mesgen, 2020)

The advantage of using the RUSLE model is ihiaas expanded information on soil erodibility,

a slope length factor that varies with soisseptibility to rill erosion, improved factor values for
contour terracing, strip cropping and management practices on range lafigbarelfi, 2021)The
disadvantage of RUSLE is that it does not have the capability fomgosgdiment through
channels, hence its application is limited to small @arB&JSLE model estimates the Average
annual soil loss for a given site as a product of erosion fg&ersard, 1997presented in §uation

2.1 of theRUSLE model.

Equation of RUSLE model
A=R*K*}S*C*P é 6 éééééeééecéécéécéécéécéécé. éé2]

Where:A= Amount of solil loss (t/ha/yr.R=Rainfall erosivity factor (MJ mm/ha/hour/year)
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K= Soil erosivity factor (t ha hiMJ mm/ha/hour/yeay)L.S= Slope Length and sipnesdactor

(unitless),C= Cover management fact@mitless)andP= Support practices fact@mnitless)

2.9.2Rainfall erosivity (R)

Rainfall erosivity contributes to large amount of soil loss and has significant impacts on soll
erosion due to the impief rain in the soilThe Rfactor represen@nd measurdabe erosive force

of a specific rainfall which is determined by the intensity, distributthmation and pattern of
rainfall whether for single storms or a series of storms, and by the amouatenéthe resulting
runoff (Tadesse, 2014 he intensity of a specific rainfall is the highest determinant factor of the
extent of water erosioriBlancoCanqui, 2010) The R-factor wasdevelopedbased on the
alternative empirical equation in area with less moist climatic zone due to the lack-fallrain
(Hurni, 1985)

2.9.3 Soil erodibility(K)

Soil erodibility is the susceptibility of soil to agent of erosiongegtimate the ability of soils to
resist erosion, based on the physical characteristics of ea¢Baagubramanian., 2017)his is
determined by inherent soil properties such as soil texture, structure, soil organic amdéet,

clay minerals and transmission properti@@amene, 2022) Ground cover exerts a strong
moderating impact on dissipating the energy supplied by agents of soil erosion. The soil erodibility
factor (K), represents both segtibility of soil to erosion and the amount and rate of runoff, as
measured under standard plot conditions. The soil erodibility factor K measures the susceptibility

of soil particles to detachments and transport by rainfall and r(iReffard, 1997)

2.9.4 Slope length (L) and slope steepness (S)

The LSfactor reflected the effect of topography on erosion, which is proportional to the length
and steepness of the slope which determined by D&Afaf, 2017) The slope length factor is

avital parameter in soil erosion modeling and computing the transport capacity of surface runoff,
as the increase in the slope of area indicates the steepness in which soil per unit area increases
(Panago, 2015)The equation of slope length factor includes the flow accumulation which is a
raster of the accumulated flow to each cell and cell size is the length of a cMs#msova,

1997)
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2.9.5 Cover management(C)

The Gfactor is defined as the ratio of soil loss from land with a specific vegetation to the
corresponding soil los@Vischmeier, 1978)The Gfactor represents the effect of cropping and
management practices on erosiater The value of C depends mainly on vegetation type, stage
of growth, and cover percentage hence becoming an important factor to control risk of erosion due
to the main concern on the nature of vegetation of (&fach der Knijff, 2000) The plant cover

and techniques of cultivation are the main factors depending directly on the human action that

would accelerate or reduce erosion according to the case.

2.9.6 Support practice (P)

The P Factor mainly represents how surface cmmditaffect flow paths and flow hydraulics. Its
reflects the effect of contouring, tillage marks as how are credited with directing runoff around the
slope at much reduced grades. However, slight changes in grade can change runoff erosivity
greatly(Renard, 1997)The numerical value of-factor is always between 0 and 1 according to

the management of agricultural land. ThéaBtor value near to O indicates good conservation
practice, and the value near to 1 indicates pooresgason practicéWischmeier, 1978)

2.10Coupling GIS, RS andM odeling

Remote sensing ishe science and art of obtaining information about an object, area or
phenomenon through analysis of data acquired by a dewtbeut physical contactRemote
sensing in the current world has begrowerful instruments for mapping soil erosion rRkemote
sensing helps to increase the accuracy of soil erosion models by making easy availability of
accurate data with higher resolutionnbe making soil erosion modeling to be fast and effective

in a large areaA combination of RS, GIS, and RUSLE is an effective tool to estimate soil loss on
a celtby-cell basigKamuju, 2016)GIS toolsareused for derivationf theRUSLE model factors

andcalculation of soil erosion loss

2.11 Sediment yield (SY)

The SY is the sediment load at last point of the slope length, in the channels, at the outlet or
sediment basind_ewoye, 2021)It is thesediment load normalized for the drainage area and is
the net result of erosion and deposition processes within a wateSédidhent yield is an
important measure of geomorphic activity which represents the amount of sediment exported at

the bas outletover a period of timéSamad, 2016)
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Sediment yields the net result of erosion and deposition processes within a basin. Thus, it is
controlled by those factors that control erosion and sediment delivery, including locabipag

soil properties, climate, vegetation cover, drainage network characte(ligvesye, 2021)

2.11.1 Methods for Determining Sediment Yield.
The large variety of sediment yield methods can be placed into two broad Estegmthods
based on direct measurement and mathematical methods. Only those based on direct field
measurements are consideredigorous approach; mathematicgakthods are best indicators
(Colman, 2018)

I.  Direct Measurements
The direct measurement method includes the Ebergn Daily Discharge Records. This is the
most accurate as thstorical sediment discharge is calculated from a-temgn sediment gage
record. This uses the daily water discharge hydrography and the daliynent concentration
graph, then integrate them to get the daily sediment discf@agead, 2016)

ii.  Mathematical methods
This involves the application of analytical techniques to calculate sediment yield from watershed,
basedn sediment and hydraulic parameters. There several techniques which are placed into four
categories as sediment transport functions, soil loss equations for small watersheds, bank/gully
erosion, and watershed modg@lswoye, 202). These methods were developed because sediment
yields are needed at locations where there are no direct field measurement, and these methods can
estimate sediment yield at a specific point without addressing the movement of sediment from
point to poin within the system.
The RUSLE is one of the most widely used of these equatiasezliment yield estimatioft was
developed to predict the losigrm average soil loss from agricultural land. The RUSLE with a
sediment delivery ratio is appropriate fopreliminary estimate of sediment storage for a small

area where sediment is expected to come from the watesslhipthnd areéGelagay, 2017)

2.12 Sediment Delivery Ratio (SDR)

Sediment Delivery Ratio (SDR) is a fractiongrbss erosion that is transported from a given area

in a given time interval. It is a measure of sediment transport which accounts for the amount of
sediment that is actually transported from the eroding sources to a catchment outlet compared to

the totalamount of soil that is detached over the same area above tha{@elagay, 2017)
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Sediment Delivery Ratio (SDR) is produced by computing the total area by using the empirical
models to estimate SDR as shown as usgbiman, 2018)SDR decreases with basin size, due
to the fact that average slope decreases and the extent of sediment storage sites increases with basin

area

2.13 Soil erosion mappingand sediment yieldstudies

Different literatues have been writing on analyzing of soil erosion prone areas and estimating
sediment yield in different areas as basins, mountain and semi areid areas. The use of Empirical
mathematical model have resulted to effectiveness in identifying the soil Itsgsi areas as

summarized below:

The study done on Integration of remote sensing, RUSLE and GIS to model potential soil loss
and sediment yield (SY) which was conducted in Malaysi@aynaludin, 2013)He explored

the potentl soil loss distribution at the catchment of Pahang River where the soil loss values
obtained ranged from 0 to 95.5 tori hgr' t as the sediment yield of Pahang river catchment with

an area of 5120 kfraveraged at 1.19 tonHayr' 1. This showed that aa was dominated by low
erosion potential which means that most of the sub catchment of Pahang River contributes less to

sediment yield in Pahang River.

The study done on Mapping potential soil erosion in East Africa using the Universal Soil Loss
Equationand secondary data yieven, 2008) He used the USLE model to estimate soil erosion
areas, where he looked on spatially explicit of erosion patterns that would be a great help for
planning soil conservation measures. He drpldthe difficult of using the USLE model at sub

continental level as in term parameterization of the models and validation of the results.

The study done oto estimate and map mean annual soil loss rates in the Gedalas watershed of the
Blue Nile Ba#n, Northeastern Ethiopiay (Yimam, 2019) Used theRUSLE model coupled with
local perceptionso estimate soil erosion in the Blue Nile Basing. The result shdveeelstimated
annual mean soil loss rate of the watershed wasd to be 37 t hdyeaf?, which is more than
two times higher as compared to the maximum tolerable soil loss value (£6/e48!) and the

annual erosion rates range from 0 to above 935 tdryhar .
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CHAPTER THREE

METHODOLOGY

3.1.0verview

Thischapter describes overall the methofidata acquisition, data preprocessing and data analysis
methods that were used in obtaining the results. This study adapts the RUSLE model on data
processing towards achieving the main objective. Thelstegtep pocess performance in this

study is summarized in Figure 3.1.
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A= Annual Soil loss LS = Slope and Steepness Factor

C= Cover management Factor P= Support Practices Factor

DC = Data Collection R = Rainfall erosivity Factor

DEM = Dugital elevation model SDR = Sediment Delivery Ratio

DP = Data Processing SY= Sediment Yield

Figure 3 1 Methodological flowhart

3.2Data acquisition

The data used in this studye the rainfall data f&020 in mmNomerlized Difference Vegetation
Index(NDVI) data fromModerate Resolution Imaging Spectrome€DIS) from 2020, also the
soil data and elevation datasasnmarized in the tabR1
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Table 3.1 Description of data

NO DATA SOURCE RESOLUTION
1 Rainfall (http://www.climatologylab.org/terraclim ate.html] 4km

2 Saoll (https:/data.apps.fao.ojg

3 NDVI (https://lpdaac.usgs.gov/products/mod13g1vP06/ 250m

4 SRTM (https://earthexplorer.usgs.gpv/ 30m

3.3 Data pre-processing

3.3.1Reprojection

The soil data fronfFAO was in a different coordinate system compared to the study area shapefile
hence it was reprojected geographic coordinate systemas it can correspond to other datasets
and easier the further steps of processing.

3.3.2 Stacking
The monthly rainfall data for theeach yeawas combined into one layer using stack function so

that further prgprocessing steps can follow hence makes the data ready for analysis.

3.3.3Aggregation

Forrainfall data thesumfunction was used to determine t¢al rainfallfor the wholeyearwhich

results into one aggregated layer wimfall data For NDVI data the mean function was used to
determine the mean vegetation cover for the whole year which results into one aggregated layer
with NDVI data.

3.3.4Extraction

Sinceraster data had different coveraagthey where downloaded with different extertisey

had to be extracted using the administrative boundary shapefile using the crop and mask functions
SO as to obtain the raster layers with the same coverage as tloé iategest and this was done

using the raster package in R.

3.3.5 Gap filling
This was done on the downloaded Digital Elevation Model (DEM) as to remove the Valichgr

holeshence this process increases the accuracy of the DEM
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3.4Model adaption

Due to environmental condition of Semi arid regiorKofgwa District the use of RUSLE model
pamameters have to change to fit the study area of semi arid reb@nparameteref RUSLE

model as described lfRenard, 199 Avere modified basing on different current literatasausing

more accurate equations basing on geographical location of my study for each required parameter

so ado fit my researchhence to increase the accuracy of the model.

3.5 RUSLE Model

TheRUSLE malelis used in this researtthmap the soil erosion prone aseast has been revised

to more accurately estimatee amount of soil erosidnom both crop and rangeland areasl this

is due to its reasonable cost, applicability, and reliability oft®sthe RUSLE model is designed

to predict longtime average soil losses for specified condifigmge, 2017) It combines several

factors used for modeling the erosion such as climate, soil types, topography, and lanacese, he
when these factors are combined it gives the annual soil loss in terms of ton/ha.year and a single
output map for areas affected by soil erosidguation 3.1shows the input parameters of the
RUSLE model.

,,,,,,,,,,,,,,,

Where;

A is the computed soil loss in terms of ton/ha.year.

R is the rainfalrunoff erosivity factoexpressed in MJ mm Hatyr?,

1
1
f K is the soil erodibility fator expressed in t HavJ mm?,
1 LS is thelengthslope steepneganitless

1 Cis the cover management factanitless)

1

P is the supporting practices fact@mitlesg

3.6 Preparation of RUSLE model factors

3.6.1Rainfall Erosivity (R)
Using the rainfall data downloaded from TerliaCwith a monthly temporal resolution and
approximately 4km spatial resolutida calculate the rainfall erosivity factofhe data where

averaged to get trennually average precipitation (rainfall) data afrigwa.The average annual

20



rainfall of Kongwa dstrict is approximately betweetb0Omm to1653nm. The equatior3.2 is used

in calculating R factor.
Y g T™EE0 ééeéeéeéeéeéeéeéeéeéeéeeeé.é (32
Where R is the rainfall erosivity factor (MJ mm™ha? yr!) and P $ the mean annual rainfall

(mm)

3.6.2Soil Erodibility (K)

Using the shapefile for soil typé®m FAQ, i clipped the types of soil thate in Kongwa district
which were used tolain thecontent of eacholil texture in each type of sdypeasthe percentage
content of top soil © clay, sand, silt, and organic carbdrcalculatedthe values of K factor in
raster calculatoandeditedthe attribute tableand thesoil polygon data was converted into raster

layer using polygon to raster todlhe equatioabelow were usetbr calailating K factor

U O zZ'0 20 Z'QU| FeE EE6EEEEEE 6 ... 83

Where;
/A O Alvdluesfor soil with higher coarse sand content and highesddrwith little sand.
/EA B K valuesfor soils with high claysilt ratios.
/I O & Ralues in soil with high organic content.
/EE E O\aldes in soil with extremely high sand content.

"O TMZADD® U0 2 p — éé6éé6é6é.6.6..6684

O — — Bgebebé. . 6b6bbcbebebbcé@bed. 35

" 8z s os oz

@) P P eeééééceecee.eee..éee . 39.
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Where:

ms- The sand fraction content (%ansilt - the silt fraction content (%)nc - the clay fraction

content (%) Orgc-organic matter content (%)
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3 6.3Cover Management (C)

The equation 3.8 was usdd compute C Factor is based on remote sensing approach using
Normalized Difference Vegetation Index (NDVI)NDVI layer was first preprocessed and
aggregated to get the mean annual NI&WMO then the formula & imported in the raster

calculator.

///////////

O A@Pcz —— ¢éé66éé66é.66666666666.6.66. 38

3.6.4 Topographical Factor (Ls)
The LS factor was calculated through the combination of slope layer and flow datamiayer

using the equation3if raster calculator tool in Akap.
DY "Q& &N w06 & 06 oo QER? —— B¢esee. 6666, .39 . (

3.6.5 Supporting Practice (P)
P factoris calculatedwith respecto the percentage of slope layer by using equaibdin raster

calculator tool in ArcMap.
0 T TBIGF3ééééééé . ééééééééééééeéé. é.éé.310

Wherdoy S is the slope gradient.

3.7 Sediment Delivery Ratio(SDR)
Sediment Delivery Ratio (SDRyas produced by computing the total aogausing the empirical

models to estimate SD&s showrnin equation 3.11

rrrrrrrrrrrrrrrrrrrrrrrrr

Where D is the drainage basin area; and a and b are correction factors related to the physical
characteristics of the basin. The adjustment b variaddephysical characteristics of sediment
transport and is interrelated with the rliow phenomenon, and the negative sign signifies that

with an area increase, the SDR decreases.
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3.8Sediment Yield (SY)

Sediment yield was quantified using the channeladased SDR model, and the Annual soil loss

of the area which had already been produced. Thus, spatially distributed map of sediment yield
was produced through cell by cell multiplication of sediment delivery ratio (SDR) and the raster
layer of mean anral soil loss in Arc GI®nvironmentSY values were calculated usiaguation

3.12.

SY=SDRxAk eééeeéeé.ceéeceéeeéeeéeecéeeceeée. 312

Where SY = sediment yield (tonhgr?t), SDR = sediment delivery ratio and A = annual potential
soil loss (A) (torhat yr).
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CHAPTER FOUR

RESULTS AND DISCUSSION

4.1 Overview

In this chapter the results obtained through the implementation research methodology and
discussion are presented according to the intended objectives of this research wioanelgse

soil erosion and sediment yield in semi arid area. These results include maps showing the factors
that contribute to soil erosion and the factors for the rusle model, also the model results are
presented after intergrating the factors and thenssdi yield map of Kongwa district. The
discussion section shows how the results have correlated with other studies done on similar

geographic environment

4.1 Factors contributing to soil erosion.

4.1.1 Vegetation cover.

In Kongwadistrict, the results skothat, distribution of vegetation cover is sparse especially in
central part covenf the districtcompared to the southern part which is characterized by mountains
and contains vegetatipthis has accelerated the rate of soil erosion, vegetation hagleaeed

for grazing, woods, and cultivation thus left the bare lard,figured.1

4.1.2 Jope

The slope map resulteom figure 4.2 show that, most of severely eroded parts in the south of the
Kongwa district have high slope gradients and these &esakigh rate of soil erosion. Generally,

the steeper the slope, the greater is surface runoff velocity and volume and so the higher the erosion
risk, with other variables held constant.

4.1.3Soil type

In Kongwadistrict, soil type map resulis figure 4.3 show that major components of soil are

Ferric Acrisols Chromic Cambisolsutric Nitosols These soils are characterized by truncated

soi l profiles usually missing the 6A6 horizon
generally shallowhave low organic matters and friable. That they are normally coarse and

permeable makes their erodibility potential very high.
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Figure 4.1 Vegetation cover map
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